Study design: Retrospective study. Objectives: To study the incidence and management of tolerance in patients treated with intrathecal baclofen (ITB) therapy. Setting: Department of neurology and neurosurgery, University Medical Center Groningen, The Netherlands. Methods: Medical records of all patients who had received an implantable ITB pump at our clinic during 1991-2005 were reviewed. Results: A total of 37 patients (representing 116 pump years) were included. Mean follow-up time was 38 months (range 3-120 months). Baclofen dose increased in the first 18 months after implantation (Po0.05), and then stabilized around a mean dose of 350 mg per day. Eight patients (22%) developed tolerance, defined as a dose increase of 4100 mg per year. No predictive factors for development of tolerance could be determined. Three different treatment regimens for tolerant patients were analyzed. Altering the infusion mode from simple to complex continuous (n ¼ 6) had no effect on the development of tolerance. Pulsatile bolus infusion (n ¼ 1) and a drug holiday (n ¼ 2) were both effective in reducing the daily baclofen dose. Patients who needed surgical revision of the pump system because of mechanical failures (n ¼ 11) showed a significant dose decrease during the first month after revision, indicating that the preoperative dose increase most likely had been caused by the pump failure. Pumprelated complications occurred once per 10.5 years of ITB treatment. Drug-related side effects had an annual risk of 13.8%. The reported events were mostly mild. Conclusions: ITB therapy is effective and safe, also in the long term and causes tolerance in only 22% of the treated patients.
Introduction
Spasticity is a motor disorder characterized by an increase in muscle tone, hyperactive tendon jerks and an increase in resistance to rapid muscle stretch. The resulting involuntary muscle contractions interfere with a patient's daily living and mobility. Baclofen, a GABA b receptor agonist, is the most widely used spasmolytic agent. It is a muscle relaxant with its prime site of action in the spinal cord, where it binds to the inhibitory GABA b receptor. 1 The uptake of baclofen across the blood-brain barrier is limited, so high oral doses are needed to achieve a therapeutic effect, causing side effects such as muscle weakness and drowsiness. 2 Baclofen can be infused intrathecally using a lumbar drain connected to a subcutaneously located programmable pump. Intrathecal baclofen (ITB) therapy needs considerable lower doses as compared to oral administration, resulting in fewer side effects. First suggested by Penn and Kroin in 1984, ITB therapy has proven to be safe and successful in treating severe spasticity. [3] [4] [5] The subcutaneous pump allows three different infusion modes: (1) simple continuous infusion at a steady rate throughout the day, (2) complex continuous infusion using 4-6 hourly blocks consisting of different doses and (3) a pulsatile bolus mode, delivering a drug bolus at a fixed interval. The development of tolerance is one of the major concerns of ITB therapy. 6, 7 Tolerance is defined as an escalation of the dose required to produce a previously obtained effect or by the decrement of the effect produced by a given dose of drug. 8 One hypothesis is that tolerance is due to a downregulation of the number of GABA b receptors in the spinal cord after chronic exposure. [8] [9] [10] Development of tolerance has been reported extensively. 6, 7, 11 This retrospective longterm follow-up study was performed to quantify tolerance in our cohort of patients and to describe our strategies to treat tolerance. Moreover the long-term drug-related side events are described.
Patients and methods

Patients
All patients treated with ITB at the departments of neurology and neurosurgery of the University Medical Center Groningen from 1991 to 2005 were screened for this study. In total 37 patients were treated (19 male, 18 female; Table 1 ). The indication for ITB treatment was severe spasticity due to multiple sclerosis (MS) in 14 patients, related to traumatic spinal cord injury (SCI) in 10 patients and due to miscellaneous causes in 13 patients (for details see Table 1 ).
The patient needed at least a follow-up of 1 year to be included, with a minimum of 1 visit each 6 months, including Ashworth ratings, dosing data of baclofen and dosing data of comedication, as well as drug-related side effect reporting.
The follow-up varied between 3 and 120 months, with a mean of 38 months. Three patients died during the period of follow-up, not related to the ITB treatment.
After implantation all patients were treated with simple continuous ITB infusion. Tolerance in this study was defined as a yearly increase of at least 100 mg baclofen to maintain a stable spasmolytic effect. If patients showed tolerance they were offered three treatment options:
Switch to complex continuous infusion Switch to pulsatile bolus infusion Drug holiday
The drug holiday always took place in the hospital. During the drug holiday, the baclofen administration was tapered off and the patients were treated with oral or intravenous clonazepam.
The effects of these treatment changes on the development of tolerance were analyzed.
The tolerant patients and the nontolerant patients were correlated to the following variables: gender, nature of the underlying disease (MS/SCI/other), pump type (SynchroMed I/Ia/II/IIa), catheter tip level, concentration of baclofen, starting dose and test dose of the ITB. Pump revisions were analyzed separately, with special attention to the dose-time curve in the prerevision period.
Surgical procedure
The implantation of all the pump systems was done by the same neurosurgeon (MJS) and always under general anesthesia. Preoperative antibiotic prophylaxis was applied. A one-or two-piece spinal catheter (Medtronic Inc., Minneapolis, MN, USA) was inserted in the spinal canal through a Tuohy needle after a small midline incision mostly at the mid-lumbar level. The tip was positioned at the Th-10 level. After subcutaneous tunneling the catheter was connected to the programmable pump (SynchroMed I(a) or II(a); Medtronic Inc.), placed in a subcutaneous pocket in the left lower abdominal wall. The pump was always filled with baclofen and purged before placement in the pocket. The initial daily dose was set at twice the most effective bolus dose during the test phase, which was continuously infused during the day. Postoperatively the baclofen infusion was adjusted to the patient's needs.
Statistical analysis
Data analysis was performed in SPSS (version 15). Baclofen doses were evaluated every 6 months. The Ashworth scores collected in a period of 6 months were averaged. Only the spasticity scores of the legs were assessed because ITB with the catheter tip at the lower thoracic level has its effects mainly on the legs. A repeated-measures analysis of variance (ANOVA) was used to check for significance in dose increase and to compare differences in effect between different patient groups (MS, SCI, other causes).
Because a repeated-measures ANOVA requires data during the full period of the analysis of every included patient, the ANOVA for dose increase was limited to the first 30 months after implantation. Fourteen patients with follow-up data of at least 30 months could be included in this study.
The influence of the mentioned variables on the possible development of tolerance was analyzed by a Pearson's w 2 -test for the nominal and ordinal variables, and a Mann-Whitney U-test for the ratio variables.
Results
Effectiveness of ITB
The mean Ashworth score at baseline (before pump implantation) was 3.7±1.0 s.d. Ashworth scores decreased immediately after pump implantation in all patients to a mean of 2.4 ± 1.0 s.d. after 6 months and stayed below baseline level during the whole study. Therefore, the largest decrease in spasticity took place between 0 and 6 months and stabilized afterwards (Figure 1 ).
Dose titration of ITB
The mean baclofen dose at implantation was 107 mg (Figure 1 ). The mean dose increased significantly during the first 18 months (ANOVA, Table 2 ) and stabilized afterwards at 350 mg. The sudden increase at 5 years and the decrease at 9 years after implantation can be explained by the loss of follow-up of two patients with a relatively low (after 5 years) and high (after 9 years) dose of baclofen.
The increases of the baclofen dose in the three different patient groups (MS, SCI and other causes) did not show any significant difference (P ¼ 0.558).
Patients showing tolerance according to our definition (N ¼ 8; 22%) were compared to the nontolerant patients (N ¼ 29). Correlation with different variables did not provide any difference between the two groups (Table 3) .
Comedication during follow-up
At the end of the study, seven patients still used oral spasmolytics: benzodiazepines (6 Â ), tizanidine (1 Â ) and baclofen (1 Â ). In all cases these were continued because of remaining spasticity of the arms, not responding on ITB.
Influence of pump/catheter revisions on the dose of baclofen Seven patients needed 11 pump/catheter revisions because of mechanical dysfunction during 116 years of ITB treatment in total, resulting in 1 revision per 10.5 years of ITB treatment, which is equivalent to an annual risk of 9.5%. The pump had to be explanted in one patient, after a meningitis preceded by wound infection after revision. In this patient the pump was reimplanted 2 years later. The causes for revision were mostly due to catheter problems (occlusion, disconnection, leakage) and once because of a pump defect (Table 4) . Six patients (55%) showed a significant decrease of the dose after revision (mean 74 mg after 1 month), four patients remained at the same dose and one patient even needed an increase in dose of 10 mg per day. The baclofen dose increased almost twice as much (55 mg per year) in the 6 months before revision as compared to the 6 months after revision (28 mg per year). The mean decrease in dose following the 11 revisions was 47 mg after 1 month (Figure 2 ).
Drug-related side effects
Sixteen drug-related side effects were reported in 10 different patients during 116 ITB treatment years in total (Table 5) resulting in an annual risk of 13.8%. Drowsiness, swallowing difficulties, decubitus, urine incontinence and auditory hallucinations were reported most frequently. One patient had a baclofen overdose, which resulted in a coma.
Possible strategies to treat tolerance
In eight patients the mode of infusion was switched during follow-up. Two of these patients were not included in the analysis because post-switch data were not available.
Complex continuous infusion mode. There were six switches from simple to complex continuous infusion mode in six patients ( Figure 3 ). All patients except one had an increase in total daily ITB dose after the infusion mode switch to complex continuous. The mean dose increase 3 months after the infusion mode switch to complex continuous was even larger as compared to the 3 months before. This strategy did not have a significant effect on the dose increase in most patients.
Drug holiday. Because of a continuously increasing dose after the switch to complex continuous infusion, two patients received a drug holiday. The patients were carefully Figure 2 Baclofen dose changes around pump revisions. monitored in the hospital during this drug holiday, because of a potential risk on withdrawal symptoms, such as hypotension, rhabdomyolysis and even death. 12 One patient (case 1) received the 1-day drug holiday after an increase in dose from 450 to 575 mg in 6 weeks. The pump was programmed at a minimal basal rate of 2-3 mg h À1 for 24 h.
After restarting therapy, the dose stabilized at 300 mg, during the next 3 years. Another patient (case 8) received a partial drug holiday after an increase in dose from 315 to 345 mg, which however resulted in an increase of spasticity. The pump was switched to a simple continuous regimen of 70 mg per day for 48 h. Afterwards the therapy was restarted at 315 mg, which resulted in a satisfactory spasmolytic effect and a stable dose for the next 12 months.
Pulsatile bolus infusion mode. After an increase of more than 100 mg baclofen per day (from 470 to 590 mg) during 1 month, one patient (case 20) was switched to a pulsatile bolus infusion mode. This resulted in a decrease of spasticity and a drop in daily dose to 440 mg baclofen for at least 6 months (end of study follow-up).
Discussion
According to the findings in this study, ITB therapy is very effective in reducing spasticity, as shown by the mean Ashworth scores, remaining below the baseline score of 3.68 during the total follow-up of 120 months. The mean therapeutic dose of baclofen significantly increased during the first 18 months after pump implantation (Po0.05). The dose stabilized after this period and during the rest of the treatment ( ± 350 mg). This initial increase represents the period to optimize the dose and is not related to tolerance.
Other studies reported similar periods of increasing doses after having started ITB therapy, varying from 3 to 18 months. [5] [6] [7] 10, 13 Some studies however reported even titration phases of up to 3 years. 3, 11 These long titration phases again emphasize the importance of long-term follow-up. Furthermore, this provides us with data to inform our patients properly, resulting in reasonable expectations.
However, tolerance did occur in later stages in 22% of the patients in this study. Analysis of different variables did not provide any clue to predict the occurrence of tolerance. The numbers reported in other studies vary from 1 to 20%. 5, 11, 14 Because there is no clear definition of tolerance in most studies, the numbers mentioned depend on the judgments of the different investigators.
Although the underlying mechanisms of tolerance development are not clear, studies on rats report a decrease in the number of GABA b receptors following chronic baclofen infusion (33% less receptors after 7 days). 9 Furthermore, studies on intrathecal morphine treatment provide data suggesting that the development of tolerance is caused by mechanisms on a cellular level within the receptor. 15 The same changes within GABA b receptors could be responsible for the tolerance to baclofen. Stopping or diminishing the baclofen infusion possibly may reverse these mechanisms. These so-called 'drug holidays' have proven to be successful in the past and seem to be an excellent instrument in the treatment of tolerance. 16, 17 However, drug holidays are not without any risk because they may cause a 'baclofen withdrawal syndrome' with serious symptoms, such as hyperthermia, altered mental status and hypotension. 12, 18, 19 Therefore, patients on a drug holiday should be treated with alternative muscle relaxants, such as clonazepam. GABA a binding drugs are preferable because they have a spasmolytic effect without binding to the GABA b receptor. At this moment it is not clear why particular patients are more susceptible to tolerance than others. This study at least did not show any correlation with the cause of the disease.
In contrast to our findings, Nielsen et al. 10 reported that both MS and non-MS patients increased in dose the first 1.5 years of the study. Thereafter the non-MS patients stabilized, whereas the MS patients further increased their baclofen doses. A possible explanation for these different findings could be that Nielsen's MS patients were treated in a later stage of the disease, needing a higher dose of baclofen. This study has also shown the importance of considering pump failure as an alternative explanation for unexpected dose increases, so the pump should always get a status check in case of an unexpected dose increase.
Six patients with tolerance were treated with a different infusion regimen, providing us some pilot data. These data suggest that switching a patient from simple to complex continuous infusion does not have an effect on tolerance. Probably this is due to a too short low-dose period within the complex continuous regimen, which is supported by the intrathecal half-life of baclofen (4-5 h). 20 So even if the low dose period has been 4-5 h, the level of baclofen is not even reduced below 50%. Two patients (cases 1 and 8) received a drug holiday during complex continuous infusion. This resulted in a dose decrease and stabilization afterwards in both cases. A drug holiday therefore seems to be a potent measure to reverse tolerance phenomena. In spinal cord-injured patients with severe spasticity, who become tolerant to ITB, treatment with intrathecal morphine may be another useful treatment modality, which however was not practiced in our patients. 21 The only experience with pulsatile bolus infusion in this study was promising, and reflects probably a clinical relevant mode of infusion in patients showing tolerance. A prospective follow-up study is being planned.
The risk on a pump-related complication was 9.5% per year of treatment. This is at the lower end of the range of complication rates reported by others, varying between 7 and 20%. 10, 11, 22 The drug-related side effects were mostly mild and the annual risk of 13.8% per year of treatment was also within the range reported by others.
3,11
Conclusions
ITB is an effective and safe therapy and does not induce tolerance in the long term in most patients. Dose increases are seen during the first 18 months of ITB therapy and stabilize afterwards. The causative factors in the development of tolerance, as well as the most optimal strategy to treat this tolerance, are still unknown. This study suggests that two strategies might be helpful: a drug holiday of at least 24 h or switching to a pulsatile bolus infusion mode.
